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The oprogram was exercizen to ver:fy correct operation
conzisternt with the resulte of Reference &. It eoon became

evidenrnt trot the tour stote model!l was 1madeguate Tor two

& brag error esxisted 1n pitch. the ATTALT2 Filter
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toward zero consicstent with the Martotvfian model Tor
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Wave estimation. A simiiar arcument pErtains to roll.

two additional states are necessary for

—
mj
~
It
m
—~+
-
m
T}t
31}

mitch and vroll bias error.

im exercising ATTALTZ, 1t was necessary to reduce the
=rvandsrd dgevisation ot the pitch amg oll motionm tao O.2
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desz=cribed in Section S below.
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X.0. THE LOCHHEED F3C AIRCRAFT MODEL
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Mo provizion wesz made Tor the effectz of pilot or autopllict in
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4.0. RESULTS USING BASELINE P3C MODEL (ATTALTS)
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6.0. SIMFLIFIED MODEL FOR LONGER WAVES (ATTALT?)
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increasec Dulse rate and beam rotaticon rate does not
csrunificantly 1mprove the sctimate of wave height.
8.0, CONCLUSIONS AND RECOMMENDATIONS

For nazeline conditions. where the laser 1z the prime roll
and pitoh refTerence, a shallow water snvironment. and the wave

clear

n

he1yht has a ztandard deviation of about G.35 meter, 1t i
thet wave helcht can be determined to the oraer of the accuraly
of tre mEesurement, 0,1 metar. Reducing the messurement erroar
will somewnat rmorove the accuracy of the estimate cof wave height
urmder theze conditions.

In

t+
g
I
o
a
in
——
—
R
b3

water envirohment, accuracy detewiorates
rapicdly for larger waves. Feducing thes measuvrement error would
havz little etfect under these conditions.

In the cssp ooean environment, with longsr wave lengihs, the

T wave height ezstimatlicon oecrsSase

I
A
-
¥
3
-
-+
.
]
m
a
ot
P
(=
+

jak
N
M
C
K
I

o

shouwld be pointed out that, 1n this lomg wave cass, the errors in

jal

ood pailctute

T
14

ztimates would be corrslated vielaing &

cf the shape of 2 wave hut oot 1tz acsolute magnituoes.
it the zboves accuracies predicted 1n this report are not
zdeguate, 1t mioht be necessary teo sxplore the 1ntrocuction of a

stable reference. This might take the form of am autopilct, an

Attitude and Heeding R

it}

ferernce Svstem, Or an accurats i1nertial

em. For the Saseline condition, sigrificant improvement

&
al
L
bt
68
n}
)
,_,

v be cbtsined by alsco reducing messurement ecror.
It 1= recommended thet the several avenues for improved wave

meight sztimstion be furtmer studied in the light of Navy
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regulrement s, Trie problem 1g

worh shouvld te enapesd L. o tnhe
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andg furthere
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FIGURES USED 1IN

SECTIONS 1 TO 7
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AFFENDIX A.

THE CANONICAL MODEL

Irm crder to emplays the theory and alogorionms ot Uptimal

thalman) Firlter Theory, 1t 15 necessary to placzce a problem 1n o
cpeciel Torm called "The Camonical Model™. A brieft gescrription
ot thiz modeEl s gaiven here for completeness.

Imn the sequel, the notetion of Referernce 1 1s adopted.

flv, the error model 13 assumed to be represented by the

firet order ditforential eauations:

A= A{E)X + N (A-—1)

wheire:
A1z oa """ dimenceional column "state'" wvector.
Mltr 1= & b b o Ysyvestem! matrii, which may vary
with time.
pMit)y 13 & "EY dimencsional zolumn vector of white noize
inputs such that
E DRt NI (403 = nEity—toigity:
andd E N(tY»Z = O

where by 15 the Dirac delta function

gftyy 15 & bk 0 bk "nolse” matrix.

In the modelling saopted hete, the state vector X includes
"rnoles" states zuch as measurement errors and errot sources.
Mot freguently g i= constant and diagonal. the diaoonal elements

being the single-ended powetr spectral denmsity of the white noige

24
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A

necegsary to Ccreata the noize state ot trhe

At times Y. "rY cimernsionel obfecvatl
detimned b the eguaticn

1T & meszurement o7 dimenz.on o bW
not necessarily constart but 1 assumed to

— _ . . - . L
EqQuetiaons A—L1 and A-L can be teprezent
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AFPENDIX B.

THE FP3IC MODEL

The ditteremtial equaticns for <he FIC aircratt mot:on about

trom Zondition 1m TZtraight and level flight wan abteimec Trom

. & . had — —_ ~ N - - R - —_— o - — - N
Feference 7. Flight Toncit:ion 12 was Zhosern as most closel
e == - - — o A - - L - - o s} - - = - e =
resresenting the Zituetion ST interest. Ztandetrd et oCviiamlc

ved. The reader 1= referreac to the

3
A8
8]

riomenTleatuirs 1 e
reference Tor cefimlticon of terms. Mo effecte of control
Ssurtates were i1ncluosd: however, addit:onal states were added as

showrn 1n Figure B-1, as foliows:

o = bilas in pitch either acue toc the <rim of

3

the aircraTtt and /or misalignment.

1 e2ther gue to t+=im of the
airocratt and/or misalignmeEnt.

LreEment error

+
o
U]
W}
98
ot

i tion. the varlables og,gr and Lo,gc WErE mIioglli=ad ec
Marivoffian ramdom wariables. Tre rezulting limear giftferential

esguation o dimensicon 15 is shown in Filoure EB-1.

tate vector "X" and the "A" matriy are

=howrn i Froures B-Z. The "g" matrix 13 defined bv:

gtS5,5) = 2 o~ixgust) 4 T Tquet
(iDL 1Ty = T gl y p
Gli2, 1) = = (Bqust’ 4 T Tgust
Ze
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rESHET

W A e Ty m e o -
c rnatial CovariarmcE mat

tivel

1, Quol, .01, G.01, D01
list oF ©he remsifning DA

in Figure

Fli o135 giragonal with thece

v oof 10, O.1, 0.1, Q01,0
. D2, 001, 0.7, 0.5,

for

the

All tmi1ts are Meterz, Radi

paseline FIC

gi

ne anrngd
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1. i = UC) (0 - &)
]
Z. s = q
- [ J
I x = 2,
i . ) .
4. a = My U ta + x50et)
]
&= o . - - P 1 J
. Foust (1
e
o rbE‘. = 1
- e _
e ] = o
[ ]

m
e
]

.

i1, Boo= (3 0 Uy Y

- i = Ty

¢

1. Pouzt = — (1.
) .

12, gy = )
] .

14. w = =1 7/ 71,,0w
. .

15, u = g v o+ Xy

Figure B~1. PIC

{ ~ .
(x + xgugt) + (1 +

Zq 7 Ug) g + (2, / Ug) u
g + My ou

Nagust
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FIGURE B-Z. FIC

L -1.0570
Zn —9. 6066
Zy -0. 1204
M -0, 0103

—1.5107
o L

- OO T
Mu O, Qonon
Txaust 0.1
- L, O
Tagust Gt

N 1.57.94
~0. 0164

IR 0. 3728

b S A

L4004

1
oM
=2

C el D O

Ly 0.7742
Y3 -S2. 65359

1.04464

4. 0978

-
- S
Tigust el
Fegust 0.0%
T 0. 001
(_Tw LIRS
4 -0, 0152
‘/‘:W CGonds7

T, ~0. D440

-r —_—
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T1ime = LSeconds
Distence = Msters

Anoles = Radians

FARAMETERS FOR BASELINE MODEL

-

2.7 meters/second
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APFENDIX C.
RELATIONSHIFS BETWEEN ERRORS IN VERTICAL,
ALTITUDE AND WAVE HEIGHT
180 Clagram. SNoOWlnG the reletionsnips Detween

e laser Deam travels to the surface

in

the ancle (M) betwsen the boeem and the vertloal, 2

Fiowure -

SIMFLE DIAGRAM FIR LASER

= Cizar that:
Fooos &0 0=
rng cifferentials
d cos & - F =1n A dA = dH
trus
dr o zoz o5 o= dM + H o tan & d&
WE Fhave & relatlonszhls betwesn the errocr Iin estimsting
mt {dF cos &) and errors 1n altitude and the verticxl.

me rmumbers to this telsti1omship assume

H = 2240 Meters
A= LT s ZT.1 Radians (1% o=grees)

dR cose A4 = oH +1724 i

[
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It follows thet 1T wave height

pilus 174 gh must add up to 0.1 Mete

correlarted., this implies that dH 1=

dfi 1= the orcer of Z.e minutes of

ervror 1 .1 Meter, then dH

e Urlesz tne. are niaghly

the order of 0.1 Meter

ard




